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' , Frequency; difference thresholds 
fourteen 4- to 9- month-old infants (mean age, 6 
a disctimination learning paradigm, follcning a 
staircase procedure. The subject heard 5P0 msec 
at a rate of one per sec, with a fixed standard 
points in this pulse trainer th€ frequency ^of the 



wej^ determined for 
months 10 !,days) using 
otoe-uf, trwo-down 
tone bursts 'repeated 
frequency. At vatious 
tore burst changed 
for>6 ,sec. . If the infant turned his head ,'t5 degrees to his right 
within the ti sec response interval following the change in frequency, 
a visual reinfo^cer was activate^ for '2 sec. Once the infant had ^ 
learned the task with a relatively large frequency change, (96 Hz),, 
the si2;e of the frequency/ change was systematically decreased on each 
subsequent trial until the in rant failed tjo turn, then increased 
again, and so on, in order tO obtain an estimate c£ the smallest - 
difference in frequency that the /^nf ant could det.ect. Following * two 
.correct responses, the frequency/' oifference was decreased by dne 
step; after one incorrect response the frequency difference was 
increased by one step. „Th€ results showed that 'infants could detect, 
'2-3X changes in frequency at 1000, 2000, and 3000 Hz, while "adults 
detected change 6n the order tf 1%. This finding supfoxts the 
ccntentiofl that, infants c'ould be using frequency difference as a cue 
in speech discrimination -tasks. (Au'thor/SS) 
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Frequency^ Discrimination In Young* Infants 



Abstract 



Flve^ to^nlne-inonj^-ol4 Infants were test^ for frequency' 
I 

dlsctlmlnatlon In a discrimination learning paradigm, following 
a oner-up^ Cwo-dovn staircase procedure. The results ahowed that 
Infants could detect 2-3% changes In «f requency at 1000, 2000, 
and 3000 Hz^ while adults detected changes on the , order ^f 1%. 
This finding supports the contention that Infants could be uslr^g 
frequency difference as a cue In speech discrimination tasks. 




^ .Frequency Dlficrlmlnatlon in Young Infants 

'Adult observers arftNcapable of detecting changes in the frequency of 
a pure tone as ^all as .1.^. We have reason to believe that at least by 
the a|^e of six monthly the Infant should be able to perform such a task 

* * 

In a comparable manner. First* of all, histological and •lectrophyslolo- 
gical studies show that subcortical auditory structures ijecessjary for , 

.frequency discrimination attain mature status at about this time. 

-addition, the infant of this age seems to be able to discriminate between' . 

^ I ■ 

vowel sounds in which the maximum fMquency difference between correspond- 

1 • V 

ing f6rmants is about .2%. 

i 

A number of attempts have bpen made to show that after the infant's 
response to an auditory signal has habltutated over repeated presentations, 
the response ratp will increase following a change in the signal's frequency, 

- implying frequency. discriminatipn. These have often proven unsuccessful, 
however, ai?id in those cases where discrimination , has been reported, a fre- 
quency change on the^ordet of 100%: has been employed^ Thus, while it can 
be concluded that frequency discrWination by infants is possible, it is 
ifiot clear how tlje in^nt*s discriminative capacity compares with the adult 's^ 

The present study determined frequency difference thresholds for fqur- 
teen 4- to 9-month-old infants (mean age 6 mo 10 da) using a 4i^trimirt^tiop 
learning paradigm. All subj^c^s were C»ucadi/in, from taiddle cflass homes, - 
in good health and free of physical defects. Parents were paid for part^ipi- 
pat ion in the study. 

.The technique employed is a variation of the visually reinforced speech 

' dlscrlmlnatiori paradigm currently b^elng used In a number of laboratories. 




^ect heard 500- msec ton| bursts repeated at a rate of one per sec, . 
wi^tir^HSfc^d standard frequency. At various points In this pulse Tjtr45!Ln, 
the 'frequency of the tOne burst changed for 6 sec. Each such 6 eec ]|)^lod 
constituted 'a trial. If the Infant turned his head 45^ to his right within 
the A sec response interval following the change In frequency^ the visual 
relnforcer, a mechanical toy enclosed In a smoked plexiglass box on a 

... X 

stand to the subject's right, was activated for 2 sec. Thus, the frequen- ^* 
cy change acted as a cue to the subject that reinforcement was available. 
Once the infant had learned the task with a relatively large frequency 
change,; (96 Hz), the size of the frequency change was systematically de- 
ctea^ on each subsequent ►trial until* the infaht failed to turn, then In^ 
creds^d again, and so ^n. In order to obtain an estimate of the smallest 
difference in frequency that the Infant can detect. This process for a 
typical subject is shown in the first slide (SLIDE 1), where + indicates * ■ 
a cQrrect response, and no tesponse. Following two correct responses, 
the. frequency' difference ife decreased by one step; after one incorrect re- 
spdase the frequency difference id increased by one step. Step Size (the 
amount by which the frequency difference was changed) was reduced over trialfe 
from '48 Hz to a. filial Valjue of 3 Hz to make each session as short as possible. 
We completed this procedure for standard frequencies of 1000,-2000 and 3000 Hz. 
Stimul*. were sinusoidal in waveform and presented to the right ear at 70 dB 
SL (sensation le^l). Tone bursts had a 20 msec rise-fall time. ^ Two 20-^ln 
sessions Vere usually required to train the infant and obtain the ttiree thres- 
holds. Five adult volunteer subjects provided thresholds under essentially 

: ■ . ■ / : ■ 

, th^ same. conditions, with the mechanical, toy as feedback, for purposes of com- 
parison. • .^ ■ \ \ ... 



The laboratoty layout is Illustrated in the. next slide (SLIDE 2) . 
The Infant sat on his parent's lap. throughout^ tfie procedure and wore 
headphones which were held In place by two elastic straps designed '^to 
prevent slippage of the headphones. One experimenter sat to the sub- 
Ject*s left and manipulated toys at the Infant's midline, tr^^lng to 
maintain the child's attention In that direction. This practice' was 
Intended to keep the Infant's false alarm rate low. Neither thlB ex- 

perimenter nor the pariii;it could hear 'the auditory signal . - 

<' 

The other two experimenters recorded' the Infant 's responses from 
the next room, viewing the Infant through a one-way window, these two 
observers were separcfted by a barrier so that each was unaware of the 
other's action. The first observer controlled the standard frequency of 
the tone burst, the size. of the frequency change and the onset of each ^ 
trial a?8 well^aB recording head turns observed only during response In- 
tervals. The secbnd observer, on the other hand, could record an Infant 
response at any point In time, and did not know when a trial was occurring 
Agreement between the observer&r was required for a head turn to count as 
a correct response during the response .Interval;- (Per cent Agreements' 
between the two observers ranged ^m 91 to 100% for 6 observer pa^rB.) 
all head turns recorded by the sdcdnd observer b6tween respmise Intervals 
;were counted as false alarms. Consequently we have a count, at least, of 
the number of hit and fklse alarm responses during testing far •each si^- 
Ject, and In general, it appears that this procedure effectively controls 
fald^ alarm rate. * * 

■ ). • • ■ 

Thresholds., taken as the average of all reversals except the first 

two, wete calculated for all subjects. Average thresholds for Infants and 

. r ■ ^ " * ■ ■• ' . 

adults at eaclh of the standard fi^quencles arl^/Ahown Itnt the next slide 



(SLIDE 3). First, note thAt our adult observers were detecting frequency 
differences of about 1%, Tne difference between the perfomance of our 
observers and that of adult subjects In previous frequency dlscrlmlnatloir 
experiments appears to^ be due to differences in procedure. Since the sub- 
ject in thi's«exp^rlm^nt did not know when a f^quency change would occur, 
ij^ was placed under greater attentlonal demands than a subject in the usual 
psychophysical procedure who knows when a signal Will occur. In fa<^t. when 
frequency difference thresholds for these adult subjects were obtained in a 
situation where this uncertainty was removed^ thresholds were quite close 
to those reported in other laboratories. 

But to get to the point, infants detected changes of about 2-3% in f re- 
quency, considerably better than had previously been shown. And while the 
difference in threshold between infants and adults was consistent, it. was 
actually quite small in terms of the variability often reported in the per-* 
formance of adult subjects. We can conclude, then, that the 6 month bid's 
ability CD discriminate changes In frequenjcy approaches the adult's. 

More important than the absolute size of the Infant threshold, hcJwever, 
is the fact that threshold Increases with standard frequency in the same way 
for infants and adults. This finding argues fqr at least a qualitative c^- 
tinulty in the function of the auditory' s^em from infancy to adu^-thood. 

It*would appear, then, that^nf ants can Indeed make relatively fine 
frequency discriminations; This finding confirms the functiotyal maturity 
of the frequency analyzing structures of the infant auditory system and * 
forces thf conclusion that infbrmation concerning differences i,n frequeAcy - 

is ^vali-able to the Infant in hi^s* analysis of sounds, inc]J.|idltiig the sounds 

. ■ ' 
of speech. ^ \— 4 . * 
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Figure 3. Typical * infant response protocol. Standard frequency 
Threshold in this case was 58.2 Hz. 



3000 Hz. 



